irradiated, and X is the coefficient of absorption by the tissue of the rays used.
Method of Irradiation I.-We will take as the radiation conditions the use of a moderately hard bulb run at an alternative spark gap of about 15 cm. (100,000 volts) lightly screened, say, by 1 mm. of aluminium, the distance of the focal spot being 15 cm. from the surface. The thickness of tumour substance is taken as 8 cm. and situated 1 cm. below the surface. The radiation is not homogeneous, X varying from fig. 1 indicate the intensities at different depths throughout the tumour ; it will be observed that a very wide departure from uniformity exists under such conditions. Method of Irradiation II.-The clinical data are assumed the same, but the method of irradiation now proposed is the use of a very hard bulb, 32 cm. alternative spark gap (180,000 volts), the radiation screened by 10 mm. of aluminiumi, the distance of the focal spot being 30 cm. from the surface-the radiation is practically homogeneous with coefficient X = 0085 cm..1.
It will be seen that the approach to uniformity still leaves much to be desired, though the technical conditions, apart from an increase in x, are about the limit of what is realizable in many X-ray installations for deep therapy at the present day. ff, .~~~~.00U n a 1~~~~~~~~~~~~~~~~~4--------- When we look for methods by which greater uniformity may be obtained, perhaps the first consideration is that, by the choice of varions ports of entry through the skin, greater uniformity is secured and a great deal may be done in this way, but the irradiation of large areas of the normal tissues is thereby involved and there are reasons for trying to restrict this as much as possible when trying to overcome a malignant growth in the body. It is therefore important to see how to reduce this fall of intensity through the tissues by other means. If we examine the algebraic expression, it can be seen that, in order to make the intensity Id vary as little as possible from the surface intensity Io, X must be very small, i.e., very penetrating radiation must be used and the larger d is, the greater the difficulty of the problem; but x should be very much larger than d in order that the loss of intensity due to increased distance from the anode should be small. The factor (_Z+_d2is only true if the anode of the tube is a small area-i.e., it
approximates to a point source of radiation. It seemed worth while to determine by experiment the fall of intensity with distance, using, not a point source, but discs of different diameters. The measurements consisted in choosing radio-active sources of varying diameter, which were placed in turn at distances ranging between 15 cm. and 35 cm. from a gold leaf electroscope of special design, vide fig. 3 . The principal feature of the latter was that the depth and size of the ionizatio'n chamber could be altered to suit the various clinical problems upon which it was decided that the measurements might bear. Figs. 4 and 5 represent graphically the results obtained.
In fig. 4 the lower graph (I) shows the fall of intensity with distance when a point source is used, whilst the upper one obtains for a radiating disc of 11'5 cm. diameter. In like manner the lowest curve of fig. 5 represents the fall of intensity with the distance between the source and the ionization chamber for a point source; the middle curve for a radiating disc of 2 cm. diameter and the upper for a disc of 4.4 cm, diameter. In each case it is seen that, as the size of the source increases, the fall of intensity with increase in distance from the ionization chamber becomes less rapid. One obtains a similar result from theory. Walsh [2] has shown that the expression-
represents the fraction of the whole downward radiation from a radiating disc of radius R, which is received by a parallel co-axial disc of radius r and distance a. This expression was deduced on the assumption that the radiation in any direction from a disc of radius R is proportional to the cosine of the angle between that direction and the normal to the surface of the disc. Assuming that radium and emanation applicators radiate according to the cosine law it can be shown that, in order to produce the maximum intensity at given region, it is necessary to use a radiating source of the same area in juxtaposition. For a given distance apart, the greater the diameter of the radiating disc, the less is the fraction of its total radiation incident on the disc of radius r. Further, when the source and receiver are fairly close together, the variation of the amount of radiation received with the size of the source is considerably greater than when they are relatively far apart. These two points are well shown in fig. 6 , where the ordinates represent the values which the above expression assumes for different values of R, the radius of the radiating disc.
The graphs I to V are for the cases in which the distances from the source to the receiver are a = 01r, 0'5r, r, 2r, 3r respectively. It will be noted that, as the size of radiator increases in diameter from R = O0lr to R = 5r, the percentage flux received decreases in I, from 99 to 4 per cent.; in II, from 80 to 3 9 per cent.; in III, from 50 to 3'8 per cent.; in IV, from 20 to 3'4 per cent., and in V, from 10 to 2 9 per cent. A similar graph for a = 30r gives a corresponding reduction from 0'115 to 0,108 per cent. Hence, as the distance between the source and the receiver becomes great relative to the radius of the latter, the size of the radiating disc becomes of less importance. It is to be noted that curve II of fig. 4 was obtained using an ionization chamber of 1 cm. radius, and that, when the distance between the source and the chamber was 30 cm.-i.e., a = 30r, the intensity, using a radiating disc of 5-75 cm. radius, has fallen to 30 per cent. of its value when 15 cm. separated them. However, in fig. 5 , where the results were obtained using an ionization chamber of 5'75 cm. radius, a distance of 30 cm. between radiator and receiver is equivalent to a = 5'22r, and it is seen that the intensity has fallen to the same extent for a radiating disc of 1 cm. radius.
Considering any one of the curves of fig. 6 , it is obvious that, for a particular distance between the source and the area to be treated, the maximum percentage of the total radiation received, and hence, since the area of the receiver remains constant, the maximum intensity at the receiver, are obtained by using as small a source as possible. On the other hand, the fall of the percentage radiation received ag the distance increases is most rapid for a small source-e.g., R = 0'1r. This can be seen in fig. 6 by stepping vertically down from one graph to the next and so making the distance between the source and the receiver, a = Olr, 05r, r, 2r, and 3r. For a point source simply obeying the inverse square law, the fall with distance would be even greater. Therefore, if uniform irradiation is the desideratum for deep therapy, the small or point source is the worst possible to use for such. Theory and experiment suggest that an X-ray tube having a large radiating anode would be preferable to the focus tube in vogue for deep therapy. The large anode tube would give considerably more uniform irradiation through a given thickness of tissue, as the intensity would fall off less rapidly with distance than is possible with the focus tube.
However the constructional details necessary for the production of such a tube might make it inipracticable.
By the aid of the foregoing data, we may now consider a second clinical example:-TYPE CASE B.-TUMOUR LOCALIZED AND NEARLY SUPERFICIAL. In this case we will assume that a surface application of a radium preparation is to be made, that the gamma rays would be employed and that the greatest depth at which it is desired to administer a lethal dose is 1 cm., and this over a circular area, 4 cm. diameter. We see, therefore, that there remains but one variable to consider and that is the radius of the radiating surface. We are assuming that the quantity of radium available is limited to some arbitrary quantity (say 100 mgr.); the questions before us are two-fold: (a) Over what area should the radium be spread in order to get the. maximum intensity at a depth of 1 cm.; and (b) whether there are any contra-indications to the use of the optimum area designated under (a). From the given clinical condition a = 0 5r (a = 1 cm., r = 2 cm.) and graph II, fig. 6 , we can read off the percentage of the total radiation from the capsule actually received by the area of tissue 1 cm. below the surface.
Method of Irradiation I. -If the radium were spread over a, circle of 1 cm. diameter, 79 -5 = 74 per cent. of the total downward radiation from the capsule would be received by the layer of tissue at 1 cm. depth, 5 per cent. being deducted for the absorption of the gamma rays by the supervening tissues. Method of Irradiation II.-If the radium were spread over a circle of 4 cm. diameter, 61 -5 = 56 per cent. of the total, downward radiation from the capsule would be received by the layer in question. The method of irradiation (I) would probably be considered bad clinically for two reasons-first, the surface layer would be submitted to radiation about 1-times that at the depth 1 cm. and secondly the lack of uniformity of radiation over the large treated area would be very pronounced with a radiating disc of diameter 1 cm. These two considerations would probably more than counterbalance, in the opinion of a clinician, the slight reduction in the intensity of radiation over the layer in question when the radiating disc had its diameter increased to 4 cm. He would, in all probability, increase the time of exposure so as to compensate for this deficiency, at the same time ensuring & much more uniform irradiation of the tissue under treatment.
